Abstract. In the Mediterranean area the orthopterans Calliptamus barbarus barbarus, Dociostaurus maroccanus and Tettigonia viridissima are considered to be pests of major economic importance crop plants. The aim of the present study was to evaluate the area of leaf of vine, cotton and potato plants consumed by these Orthoptera at two temperatures. Leaf area was determined for each plant species before the leaves were provided to the insects. Virgin male and female adults were allowed to feed on a leaf of each plant species and the area of leaf consumed was determined after 24h at 25 and 30°C. Results showed that temperature had a significant affect on consumption by both males and females of all the species examined, and it was higher at 30°C. The influence of plant species was not significant for C. barbarus barbarus. D. maroccanus and T. viridissima, however, consumed a greater area of potato leaves than of the other species of plants. Females consumed more food than males in all the species tested. The results of the present study provide a first approximation of the area of leaf consumed and the potential loss of foliage these plants might suffer if attacked by the three species of Orthoptera tested.
INTRODUCTION
Orthoptera are well known for their herbivory and generally regarded as a dominant insect group in most terrestrial habitats. They feed on all types of plants and often cause important economic damage. In the Temperate Zone, the relatively high diversity and density of Orthoptera in grasslands (Ryszkowski et al., 1993; Szövènyi, 2002) consume annually about 3-5% of the plant production in these habitats (Ingrisch & Köhler, 1998) . Orthoptera can feed on many kinds of vegetation and are often recorded causing considerable damage to crops, such as cereals, fabaceous plants, vegetables, industrial crops and fruit trees in several areas of the world (Smith & Holmes, 1977; Jonson & Mündel, 1987; Shower, 1995; Latchininsky, 1998; Riffat & Wagan, 2007; Blanchet at al., 2010) .
Over 390 species of Orthoptera are known to occur in Greece (Willemse & Willemse, 2008) , but only a few of them damage crops. Among the most common species causing serious damage to crops in Greece and other Mediterranean countries are Dociostaurus maroccanus (Thunberg, 1815) , species of the genus Calliptamus and Tettigonia viridissima (Linnaeus, 1758) (Pelekasis, 1976; Latchininsky, 1998; Blanchet et al., 2010 Blanchet et al., , 2012 . D. maroccanus is highly polyphagous and exhibits extremely voracious feeding on more than 150 plant species belonging to 33 families, including many crop plants (Latchininsky, 1998) . Calliptamus barbarus barbarus (Costa, 1836) along with the closely related Calliptamus italicus (Linnaeus, 1758) are also highly polyphagous.
They can feed on a broad spectrum of plants belonging to the families Compositae, Papilionaceae, Malvaceae, Poaceae, Fabaceae, Solanaceae, Cruciferae as well as many vegetables and fruit trees (Bei-Bienko & Mischenko, 1963) . T. viridissima is a serious pest of cereals, potatoes, grape vines and other annual crops (Gentry, 1965; Pelekasis, 1976) .
Among the most important crop plants in Greece are vine, cotton and potato. According to Faostat (2012) the estimated areas of these three crops in 2010 were 99,300, 250,000 and 31,400 ha, respectively. Every year these crops suffer severe losses of yield as a result of orthopteran infestations. Several areas in Greece are regularly infested by grasshoppers and sprayed with insecticides.
Although there are several studies on the feeding habits and food consumption of various orthopteroid species (Bailey & Mukerji, 1976; Hoekstra & Beenakkers, 1976; Jonson & Mündel, 1987; Akman-Gündüz & Gülel, 2002; Bardi et al., 2011; Mariottini et al., 2011; Syed et al., 2011) there are no relevant reports for Greece. On the other hand most of the data on the feeding rate of Orthoptera are records for one temperature although it is well known that insect food intake is temperature dependent (Ferro et al., 1985; Logan et al., 1985) . Accurate estimates of the consumption and voracity of Orthoptera are required for determining their potential effect and the economic consequences of defoliation by these insects (Pedigo et al., 1986) .
In the study reported here we compare the area of leaf of vine, cotton and potato consumed by three species of Orthoptera at two temperatures under laboratory conditions. This research focused on C. barbarus barbarus (Caelifera: Acrididae), D. maroccanus (Caelifera: Acrididae) and T. viridissima (Ensifera: Tettigoniidae) because they are serious pests of crops in the Mediterranean area.
MATERIAL AND METHODS
Last instars nymphs of all three species were collected by sweep netting in a lowland grassland area near Spata (AtticaGreece) (Evans et al., 1983) in the spring of 2009. After collection the insects were transferred to the laboratory and reared in wooden framed cages at a temperature of 25 ± 1°C, humidity 65 ± 5% and under a photoperiod 16L : 8D (Lactin & Johnson, 1995; De Faria et al., 1999) . Insects were fed lettuce leaves and supplied with water in a piece of water soaked cotton placed at the bottom of each cage until adult emergence. Lettuce leaves were replaced daily. 20-30 nymphs of either C. barbarus barbarus or D. maroccanus were placed in each cage (30 × 30 × 30 cm). For T. viridissima 2-3 nymphs were placed in smaller cages (20 × 20 × 20 cm) as mature instars eat the younger ones. On the day of emergence male and female adults were separated based on their morphological characteristics. These adults were kept in cages of the same dimensions and fed lettuce leaves until used in feeding bioassays. In all the experiments 5 to 15 day old virgin female and male insects were used.
Adults used in experiments were transferred and placed individually in glass cages 13 cm in diameter and 15 cm high, with the opening at the top covered with fine muslin. The cages were placed in chambers in which the humidity was 65 ± 5% and kept at one of two temperatures. Cool fluorescent light provided a photoperiod of 16L : 8D. In each cage one fully expanded mature leaf of vine, cotton or potato of approximately 100 cm 2 in area was placed with its stem in a vial of water to keep it turgid. Water was provided for the insects in a piece of water soaked cotton placed at the bottom of each cage. Leaves of vine, cotton and potato varieties, sultanina, cellia and spunta, respectively, were offered to the insects. The vine leaves were collected from a vineyard of the Agricultural University of Athens (AUA). No pesticides were used in the vineyard. Potato and cotton plants were grown from seed in pots of 30 cm diameter containing compost kept in an open area at the AUA and no pesticides were used. The area of each leaf provided to the insects was measured by scanning the area of the leaf using a computer and software Delta-T SCAN (Version 2.04nc, Delta-T Devices Ltd., Burwell, Cambridge, UK). Insects were permitted to feed for 24 h and then removed and the area of leaf consumed by each individual was determined by measuring the area of the leaf again (Shields et al., 1985; Ávila & Parra, 2003) . Insects that became less active during or after testing were replaced and the measurements for these insects were not included in the analysis. In addition, if the lamina of the leaf was cut from the stem the measurement was also not included in the analysis.
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Means on the same line that are followed by different letters differ significantly (t-test: P < 0.05). Leaf consumption by male and female individuals of each of the three species of Orthoptera and of each crop plant (vine, cotton and potato) was determined at two temperatures, 25 and 30°C (12 treatments). There were mostly 15 replicates of each treatment but in a few cases only 13 or 14 replicates. In these experiments 170 individuals (87&, 83%) of C. barbarus barbarus, 171 individuals (89&, 82%) of D. maroccanus and 180 individuals (90&, 90%) of T. viridissima were used.
Leaf water content was determined by weighing 50 fresh leaves of each plant, drying them in an oven at 70°C for 5 days and then weighing them again (De Faria et al., 1999) . The difference between the two measurements is the water content of each of the leaves. Mean weight of each of the species of Orthoptera tested was estimated by weighing 20 individuals of each species and sex before their use in the experiments.
The data on the consumption for the different species of Orthoptera were analyzed using three-way ANOVA with sex of the insect, temperature and plant species as factors. Comparisons of means were made using the criterion LSMeans Differences Student's and a P = 0.05. Before analysis data were transformed using xtrans = log10 (x + 1) in order to homogenize variances and meet normality requirements. The body weights of male and female insects of each species were compared using t-tests and a P = 0.05. The statistical software used in all the analysis was JMP 7.0.1 (SAS Institute Inc., 2007).
RESULTS
Mean leaf water content of the leaves of the three plants was 75.25 ± 0.49%, 78.86 ± 0.59% and 89.22 ± 0.24%, for vine, cotton and potato, respectively. Mean weight of the three species of Orthoptera is presented in Table 1 . Females were heavier than males in all three species (C. barbarus barbarus, df = 38, t = -25.07, P < 0.0001; D. maroccanus, df = 38, t = -16.17, P < 0.0001; T. viridissima, df = 38, t = -9.61, P < 0.0001). The ANOVA results for the effects of plant species, sex of insect and temperature on the area of leaf consumed as well as their interactions for each of the species of Orthoptera studied are presented in Table 2 .
C. barbarus barbarus
The temperature and sex of insect had a significant effect on the area of leaf consumed by C. barbarus barbarus. The species of plant had no significant effect on the area of leaf consumed by this species whereas there was a significant interaction between temperature and sex of insect showing that temperature differentially affected females and males of this species ( Table 2 ). The mean daily area of leaf consumed by an adult female and male of C. barbarus barbarus is shown in Fig. 1 . Females consumed a larger area of leaf than males of each of the plants tested at both temperatures. The area of leaf of all the plants tested consumed by females was greater at 30 than at 25°C. For males, only the consumption of cotton leaves was higher at 30 than at 25°C. The three plant species were similarly consumed by the males and females (Fig. 1) .
D. maroccanus
The consumption of D. maroccanus was significantly affected by the temperature, plant species and sex of the insect. A significant interaction between plant species and the sex of the insect was also recorded, indicating that consumption was dependent on the sex of the species (Table 2 ). The mean area of leaf consumed daily by adult female and male D. maroccanus is shown in Fig. 2 . Females consumed a greater area of leaf than males in all the experiments regardless of the temperature and species of plant. They also consumed a larger area of leaf of all the three species of plant offered at 30°C than at 25°C. Mean area of leaf of vine and potato consumed by males was different at the two temperatures, being larger at 30°C in both cases. However, no difference in consumption between the two temperatures was recorded when cotton leaves were offered to the male insects. A greater area of leaf of potato than of cotton and vine was consumed by both females and males at both temperatures. Of the cotton and vine females of D. maroccanus consumed a greater area of cotton leaves, but there were no differences in the consumption by males of the leaves of these two plants at the temperatures tested (Fig. 2) .
T. viridissima
Temperature, plant species and sex of the insect had a significant effect on the area of leaf consumed by individuals of this species. No significant interactions between the main effects were recorded ( Table 2 ). The mean area of leaf consumed daily by a female and male 607 Fig. 1 . Mean ± standard error of the area of leaf (cm 2 ) consumed daily by adult female and male Calliptamus barbarus barbarus. Bars followed by different letters differ significantly (LSMeans Differences Student's test: P < 0.05). adult of T. viridissima is shown in Fig. 3 . The mean area of leaf consumed was always different for the sexes with females consuming greater areas of leaves than males of each plant at both temperatures. Consumption of vine and potato leaves by females was greater at 30°C than at 25°C, while the consumption of cotton leaves did not differ between the two temperatures. The consumption of the leaves of all the species of plants by males was greater at 30°C than at 25°C. The consumption of potato leaves by both females and males was greater than that of the other two plant species. No differences were recorded in the consumption of vine and cotton leaves at 25 and 30°C for either of the sexes (Fig. 3) .
DISCUSSION
Temperature is one of the most important environmental factors affecting nearly all the physiological and biological processes in insects (Milonas & SavopoulouSoultani, 2000; Wang & Tsai, 2000) . These processes depend on temperature-dependent chemical reactions that have a lower and upper temperature threshold (Sharpe et al., 1977) . A rise in temperature generally increases the rates of metabolism, growth and feeding in insects (Wigglesworth, 1974; Levesque et al., 2002) . The results obtained in this study showed that an increase in temperature had a positive effect on the area of leaf consumed by male and female insects in most of the cases examined. Orthoptera, like all insects, are poikilothermic, implying that they are affected by the ambient temperature. Between certain limits, rates of the different orthopterans activities increase with increase in body temperature (Begon, 1983; Whitman, 1986; Lactin & Jonson, 1995; Willott & Hassall, 1998) . For most species of Orthoptera moderately high air temperatures (25°C) are far below their optimum for development (Begon, 1983) . Thus, an increase in temperature from 25 to 30°C should result in an increase in the area of leaf they consume. Our findings are in accordance with those of Lactin & Jonson (1995) who report that the feeding rate of nymphs of Melanoplus sanguinipes (Fabricius, 1798) increases with temperature until it reaches the optimum for feeding, which is 35-40°C.
The results presented indicate that there were no significant differences in the area of leaf of the three plant species consumed by males and females of C. barbarus barbarus. In contrast, both D. maroccanus and T. viridissima consumed a greater area of leaves of potato than of the other plants. Bernays & Chapman (1977) studied the effect of more than 100 chemicals obtained from plant material on the feeding behaviour of Locusta migratoria migratorioides (Fairmaire & Reiche, 1849) . According to their results the presence of alkaloids or monoterpenoids in plant leaves results in a decrease in the amount of food eaten by this species. Vine and cotton leaves contain various terpenoids (Bell, 1986; Deliorman-Orhan et al., 2009) . Consequently it is possible these chemicals may be the cause of the reduced feeding rate of D. maroccanus and T. viridissima recorded when provided with vine and cotton leaves. On the other hand, Cook (1977) reports that some plant species, which contain hexoses or disaccharide sugars, can stimulate feeding in some species of Orthoptera. Potato leaves contain 1.90%, 2.92% and 2.80%, respectively, of glucose, fructose and sucrose (Kolbe & Stephan-Beckmann, 1997a, b) . Thus, the increased feeding recorded on this host by the two of the three species of Orthoptera tested may be related to the presence of these substances in potato leaves. Furthermore, McKinley & Randell (1971) report that grasshoppers consume more food (fresh leaves) when fed on a diet with a high than a low moisture content. The lower water content of cotton and vine leaves, 11% and 14% less than potato leaves, respectively, could also have resulted in the greater areas of potato leaves consumed by D. maroccanus and T. viridissima.
The results showed that females consumed a greater area of leaf material than males in all the species of Orthoptera studied. This is also reported in other studies on Orthoptera (Johnson & Pavlikova, 1986; Johnson & Mündel, 1987; Mariottini et al., 2011) . The body weight of the females of the three species used in the present study was greater than that of the males (Table 1) . Holmberg & Hardman (1984) report a strong correlation between food consumption and body weight in six species of grasshopper. Moreover virgin females of most species of Orthoptera produce a few eggs, which have a lower hatching success and the hatchlings suffer a higher mortality than those produced by mated females (Schmidt & Albutz, 1994; Chapman, 1998; Walker et al., 1999) . Initiation of vitellogenesis fails when the quantity of food ingested is low (McCaffery, 1975) . Thus, in addition to the differences in body weights of males and females the nutritional requirements for oogenesis possibly drive the greater food consumption of female insects. Furthermore, these sex-related differences in nutritional requirements combined with differences in the food quality of different plants may lead, in some cases, to the different feeding responses of males and females of the same species and consequently to the interaction of the main effects.
The results of the present study provide an estimate of the area of leaf consumed and potential loss of yield of particular crop plants when attacked by Orthoptera. How-ever, it is also important to have a measure of the population density (number of individuals/m 2 ) of the orthopteroid species (Hewitt & Onsager, 1983 ) and mean environmental temperature for an accurate estimate of crop damage. In addition to the laboratory data on consumption, for the estimation of the potential yield losses due to Orthoptera, other insect-caused damage, such as cutting off of plant parts without consuming them (Holmberg & Hardman, 1984) and the fact that Orthoptera can increase their body temperature above ambient by means of thermoregulation (Begon, 1983; Willott, 1997) , need to be taken into consideration.
